Background: Previous studies of genetic and environmental influences on adolescent substance use have been limited to Western samples. Methods: This study assesses genetic and environmental contributions to cigarette smoking, alcohol use, and psychological variables (depression, anxiety, aggression, hostility) among 602 pairs of adolescent twins, 11 to 19 years old, in Qingdao, China. Results: Heritable influences were more pronounced for alcohol use than cigarette smoking. In univariate analyses, no heritable effects were found for depression or aggression, and modest heritability was found for anxiety. Hostility was relatively more heritable in girls than boys. Bivariate associations between substance use and psychological measures could be attributed to a combination of common genetic and environmental factors. Conclusions: Among Chinese adolescents, experimentation with tobacco is familial, and experimentation with alcohol is heritable. The genetic and environmental architecture of hostility differs by gender. Consistency of univariate results with Western adolescent samples appears limited to the alcohol use measures.
Studies of adults have shown clear genetic contributions to tobacco and alcohol use. [1] [2] [3] [4] [5] [6] [7] In adolescents, the heritable components of substance use become increasingly exp ressed over the transition from childhood to adulthood. 8 Initiation of substance use appears to be more strongly influenced by environmental factors, whereas progression to higher levels of dependence is more strongly influenced by genetic factors. 9, 10 Although several studies have examined the genetic and environmental influences on adolescent tobacco and alcohol use in Western cultures such as the United States, [11] [12] [13] Australia, 14 Finland, 10, 15, 16 and the Netherlands, 17 this research has not been replicated across different cultural contexts such as Asia. The cultural context of behavioral genetics research is important because social-environmental factors can influence the expression of genetic tendencies. Genetic influences on adolescent substance use can be moderated by social-environmental factors, including parental monitoring, 18 parental strictness and closeness, 19 religion, 20 or rural versus urban environments. 21 Estimates of relative heritability and environmental influences on behavior are specific to a given population at a given time. 22 The frequency of some genetic variants associated with substance use varies across populations. For example, Asian populations have a higher population prevalence of genetic variants that control the rate of metabolism of nicotine 23 and alcohol. 24 Therefore, one might expect the genetic contributions to substance use to vary across population groups.
This study examined the heritability of tobacco use, alcohol use, and related psychological factors among 602 pairs of adolescent twins in Qingdao, China. We hypothesized that genetic and environmental factors would contribute to substance use and psychological characteristics, and that the covariation between substance use and psychological characteristics would have a heritable component.
Method Recruitment
Participants were recruited from the Qingdao Twin Registry (QTR), 25 a part of the Chinese National Twin Registry. 26 The QTR has been registering twins since 2000 through medical records, schools, and a media outreach campaign. 25, 27 Newborn twins are identified through Qingdao's immunization registry. The QTR includes approximately 74% of all twins living in Qingdao. 25 This study focused on adolescent twins. Parents of twins 11 to 19 years of age were contacted by mail and/or telephone and invited to participate in the study, which included surveys and a health screening. Data collection occurred on weekends at the Qingdao Center for Disease Control and Prevention (QCDC).
Survey Procedure
The research staff obtained written informed consent from the parents and verbal assent from the twins. The consent procedure was approved by institutional review boards at the University of Southern California and the QCDC. The twins completed paper-and-pencil surveys in an auditorium. They were instructed to skip any questions they did not wish to answer and to stop completing the survey at any time if they felt uncomfortable.
Measures
Survey measures were obtained from published, validated surveys, including the Youth Risk Behavior Surveillance Survey, 28 the California Youth Tobacco Survey, 29 
and the China Seven
Cities Study. 30 Most of the measures had already been translated, backtranslated, and validated in previous studies. 25, [30] [31] [32] [33] [34] A team of bilingual researchers, public health experts, and graduate students (most of whom had grown up in China and immigrated to the United States as young adults) translated and verified each question. One team member translated each question from English to Chinese, another member translated the Chinese version back to English, and the whole team resolved any discrepancies. Staff members at the QCDC also evaluated each question for local idioms and reading level.
Tobacco and alcohol use. Tobacco measures included, "Have you ever tried cigarette smoking, even a few puffs?" and "During the past 30 days, on how many days did you smoke cigarettes?" Alcohol measures included, "During your life, on how many days have you had at least 1 drink of alcohol?" and "During the past 30 days, on how many days did you have at least 1 drink of alcohol?" One drink of alcohol was defined as "1 big glass of beer or 2 small glasses = 240 mL; 1 glass of red, yellow, or white wine = 120 mL (roughly 0.5 Jing), or 1 shot of liquor = 30 mL (roughly 1.5 Liang)." Because the distributions of the categorical items were skewed, they were recoded to 0 = 0 days or 1 = 1 or more days.
Depression, anxiety, and aggression and hostility. Depression was assessed with the Center for Epidemiologic Studies Depression (CES-D) Scale, 35 a 20-item scale that has been validated in China. 32, 36 Anxiety was assessed with the Zung Anxiety Scale, 37 a 20-item scale that has been validated in China. 31 Aggression and hostility were assessed with 8-item subscales of the Buss and Perry 38 aggression questionnaire. In a previous study of 1388 Chinese 10th graders (unpublished data), our Chinese translations of the Buss and Perry aggression and hostility subscales each correlated (r = 0.42) with a 4-item version of the Buss and Durkee 39 hostility measure. Nonnormal depression and anxiety measures were square-root transformed, and aggression and hostility measures were log transformed.
Demographic characteristics. They included zygosity, age, and gender. Zygosity was determined from blood samples by simultaneous detection of multiple short tandem repeat loci. 40 The probability of monozygosity determined by identity of all markers in the Chinese National Twin Registry is estimated to be ≥.996.
Data Analysis
Means and frequencies were computed in SAS 9.1 41 to describe demographic, substance use, and psychological characteristics. Using data from monozygotic (MZ) and dizygotic (DZ) twin pairs reared together, total phenotypic variance can be decomposed into genetic and environmental components. By comparing the degree to which MZ co-twins are similar for a given trait, relative to DZ co-twins, and using maximum likelihood statistical methods, the proportion of the total phenotypic variance can be attributed to the additive effects of genes or heritability (A), which contribute to twin similarity, to shared environmental effects in common to co-twins (C), which also contribute to twin similarity, and to nonshared environmental effects or experiences unique to each twin that contribute to twin dissimilarity, which also includes measurement error variance (E). If C is not a significant influence, the contribution of nonadditive genetic effects (D) such as interaction of alleles of the same gene (dominance) or of different genes (epistasis) can also be modeled. The C and D variance components are confounded and cannot be modeled simultaneously.
Modeling of twin data involves identification of the best model that fits the data by comparing the goodness of fit of alternative models. Model fit was evaluated using the -2 log likelihood statistic and principles of model parsimony as indicated by the Akaike Information Criterion. The fit of the full 3-component "ACE" or "ADE" model was tested first. Next, the significance of the A and C (or D) parameters was tested by equating these parameters to zero and testing the fit of the reduced model relative to the fit of the 3-component model using the likelihood ratio c 2 difference test. A significance test (P < .05) suggests that the reduced model fits the data worse than the full model, favoring the fit of the full model. Because of the low prevalence of cigarette smoking and alcohol use in the girls in this sample, sex differences were not addressed for substance use. For the psychological variables, quantitative sex differences in genetic and environmental factors were tested. More general models where A, C (or D), and E parameters were freely estimated for boys and girls were compared with models where the parameters were equated across sex, using the likelihood ratio c 2 difference test.
For smoking and drinking variables, univariate biometric models were fit to 2-group (MZ and DZ groups) raw data combined across sex, adjusting for sex and age. For the psychological measures, univariate models were fit to 5- 42 Bivariate correlated factor models quantified the relative contribution of genetic and environmental influences to the covariance of substance use and psychological measures. (ie, gen etic and environmental correlations). A correlation of 1 would suggest complete overlap in genetic or environmental influences, a 0 correlation would suggest independent influences for each phenotype, and a correlation between 0 and 1 would suggest partial genetic or environmental overlap. Bivariate models were fit to 2-group raw data combined across sex, adjusting for sex and age. Raw data for the psychological measures were dichotomized per median split. Table 1 shows the demographic, substance use, and psychological characteristics of the 602 twin pairs. The respondents' mean age was 12.8 years (standard deviation = 1.7 years). The sample was 52% male. There were 170 (28.2%) MZF, 151 (25.1%) MZM, 81 (13.5%) DZF, 81 (13.5%) DZM, and 119 (19.8%) DZO pairs.
Results
The prevalences of lifetime tobacco and alcohol use were 9.2% and 14.4%, respectively. The prevalences of past-month tobacco and alcohol use were 6.3% and 10.0%, respectively, similar to other studies of Chinese adolescents. 30 The prevalence of lifetime and past-month tobacco and alcohol use was higher among boys than among girls (c 2 tests, all P < .01). There were no sex differences in depression and anxiety scores. Boys scored higher than girls on the aggression and hostility measures (mixed linear models, both P < .01). Table 2 shows the best-fitting univariate models for each substance use and psychological measure. Individual variability in lifetime smoking was influenced by moderate genetic effects (27.9%) and relatively greater shared environmental effects (33.7%). The lower bound of the 95% confidence intervals of both estimates includes 0 because either variance component could be dropped from the model without significant deterioration of model fit. However, dropping both components together resulted in significant deterioration of model fit, suggesting that familial influences (ie, the joint effect of genetic and shared environmental factors) are important for lifetime smoking. Variability in past-month smoking was not significantly heritable and was influenced by substantial shared environmental effects (63.9%).
Variability in lifetime and past-month alcohol use was attributed to sizeable additive genetic effects (67.6% and 55.4%, respectively), with the remaining variance largely attributable to individual-specific environmental factors. The estimate for shared environmental influences for past-month alcohol use was 0; however, because either A or C (but not both) could be dropped from the model without significant deterioration of model fit, both components were freely estimated.
For depression, anxiety, and aggression, it was possible to equate genetic and environmen tal parameters across sex, indicating no quantitative sex differences. There was a small heritable component for anxiety (9.9%), but for all 3 measures, the majority of the variance was attributable to shared and nonshared environmental factors. Variance component estimates could not be equated across sex for hostility. Hostility was influenced by both heritable (17.6%) and shared environmental factors (14.0%) in girls, whereas in boys, there was a relatively smaller heritable contribution (0%) relative to shared environmental contribution (31.3%). For both girls and boys, either A or C, but not both components, could be dropped from the model without deterioration of model fit.
Each substance use measure was significantly related to each psychological measure (c 2 tests, all P < .01; data not shown). Variance component estimates for the best-fitting bivariate genetic models appear in Tables 3 to 6 . The relative contribution of genetic and environmental factors in each phenotype differs somewhat from that in univariate analysis because accounting for the covariance between 2 measures alters the relative contribution of genetic and environmental factors in residual phenotype-specific variance. This was particularly true for anxiety, which was weakly heritable in univariate analysis but strongly heritable in bivariate analyses. Many of the bivariate analyses could not distinguish between additive genetic and shared environmental effects because either A or C components (but not both together) could be dropped without significant deterioration of model fit. Therefore, both components were freely estimated. Furthermore, in many of the models, the genetic and environmental correlations Genetic-environmental correlation could be equated to 0 or 1; correlations that could be equated to 0 or 1 are shown without confidence intervals. Abbreviation: ns, not significant; n/a, not applicable.
could be equated to either 0 or 1 without deterioration of model fit, and in such cases, the correlation coefficients were freely estimated. The inability to resolve the relative contribution of genetic and shared environmental influences or correlation estimates is evidenced by the large confidence intervals around point estimates, which often include 0 at their lower bound. Cases where variance components or correlation coefficients could be equated to 0 are indicated as "ns" (not significant) in Tables 3 to 6 . When a correlation coe fficient could be equated to 1, the numeral 1 is shown without confidence intervals. Bivariate results of the relationship between lifetime smoking and each psychological measure are shown in Table 3 . The results suggest that covariation in lifetime smoking and depression can be attributed to complete overlap in genetic influences, whereas shared environmental and nonshared environmental influences were phenotype specific. In the analysis of lifetime smoking and anxiety, the tendency of correlation effects was toward a modest overlap in genetic influences and a large overlap in shared environmental influences; nonshared environmental influences were not significantly correlated. In the analysis of the relationship between lifetime smoking and aggression, the tendencies of correlation effects were toward large genetic overlap and small shared environmental overlap; nonshared environmental effects were phenotype specific. Covariation between lifetime smoking and hostility could be attributed to modest overlap in genetic and shared environmental factors and statistically significant overlap in nonshared environmental factors (r e = 0.56).
Bivariate results for past-month smoking and each psychological measure appear in Table 4 . No significant heritable influences were found for past-month smoking and depression or aggression measures. Shared environmental influences for past-month smoking and depression were entirely in common and significantly overlapped between past-month smoking and aggression (r c = 0.61). In contrast, past-month smoking and anxiety had entirely overlapping genetic effects and tendency for completely overlapping shared environmental effects as well. The tendency for correlation effects for past-month smoking and hostility was toward large overlap in genetic effects and smaller overlap in shared environmental factors; nonshared environmental factors were also significantly correlated (r e = 0.37). Table 5 shows bivariate results for lifetime alcohol use and psychological characteristics. Substantial overlap in genetic factors was seen for lifetime alcohol use and depression, and overlap in both genetic and shared environmental factors was seen between lifetime alcohol use and aggression or hostility. Covariation in lifetime alcohol use and aggression was also, in part, attributable to a significant correlation in nonshared environmental factors (r e = 0.37). There was no evidence for a significant contribution of shared environmental effects of lifetime alcohol use and anxiety, and there was evidence for small significant overlap in genetic (r a = 0.30) and nonshared environmental effects (r e = 0.32).
Bivariate relationships of past-month alcohol use and psychological variables are shown in Table 6 . There was complete overlap in heritable effects for past-month alcohol use and depression and a tendency for large overlap in shared environmental influences as well; nonshared environmental factors were phenotypic specific. No evidence for shared environmental contribution was seen in the analysis of past-month alcohol use and anxiety. There was substantial overlap in genetic influences (r a = 0.66), but the incomplete overlap also suggests phenotypespecific heritability. The tendency of correlation effects for past-month alcohol use and aggression was for moderate genetic overlap and large shared environmental overlap; nonshared environmental influences were significantly correlated (r e = 0.53). Covariation of past-month alcohol use and hostility tended to show substantial overlap in genetic and shared environmental factors and a significant nonshared environmental correlation (r e = 0.34).
Discussion
To our knowledge, this is the first study to investigate the heritability of tobacco smoking, alcohol use, and related psychological measures among adolescent twins in China. Environmental factors shared between co-twins substantially contributed to variation in lifetime and past-month cigarette smoking. Further research is necessary to identify these shared environmental factors; previous studies of Chinese adolescents have implicated parents' smoking, availability of cigarettes at home, parents' rules about smoking, and family functioning as correlates of adolescent smoking. 33, 34, 43 The low prevalence of smoking in our sample indicates that most of the adolescents who smoked were in early stages of smoking experimentation rather than in the stage of regular smoking and nicotine dependence. Greater influence of shared environment compared with genetic effects has been shown for early stages of smoking behavior among adolescent twins of Western origin. 9, 10 There was some evidence for heritable influences on lifetime smoking but no evidence for heritable influences for past-month smoking. Although this appears counterintuitive, perhaps this low level of smoking is determined by family and individual-specific environmental factors such as availability of cigarettes, opportunities to smoke, parental restrictions, and peer norms. In the early stages of experimentation, smoking is sporadic and may be predominantly environmentally determined.
Alcohol use was significantly heritable, and shared environmental effects were not important contributors to alcohol use. This is consistent with some studies of adolescent twins of Western origin 19, 44 but inconsistent with others. 11, 45 This may indicate gene-environment interactions; for example, perhaps genetic influences on adolescent alcohol use are expr essed more strongly under adverse family conditions, such as low parental support. 19, 44 The relative contributions of genetic and environmental factors to smoking and alcohol measures were quite different. Cigarette smoking may be a more normative behavior (at least in boys) in this age group, which could obscure heritable influences. In China, cigarettes are given as gifts, and although their sale is restricted to adults, they are given to adolescent boys on special occasions. It is considered impolite to refuse a cigarette offer; therefore, some boys may have smoked in response to social pressure rather than a genetic predisposition. Alcohol consumption, in contrast, could index a more deviant phenotype that is expressed because of strong(er) genetic influences. In China, alcohol use during social occasions is normative among adult men but is not socially acceptable among women and youth. 46 The expression of a genetic predisposition to experiment with substance use can be constrained by environmental barriers such as lack of access. Historically, China has not rest ricted adolescents' purchase of alcohol, and alcohol has been readily available to youth in stores. 47 A ban on alcohol sales to minors went into effect on January 1, 2006, several months before this survey was conducted. 48 The strictness of enforcement of the ban is not known, and some of the alcohol use reported in this survey could have occurred before the ban. Tobacco sales to minors younger than 18 have been banned in China since 1999. 49 Perhaps environmental barriers are more effective in suppressing adolescents' genetic tendencies to smoke than to drink alcohol.
Twin similarity for depression, anxiety, and aggression, and for hostility in boys is largely because of environmental factors shared by co-twins. These factors could include the home environment (family conflict, lack of emotional support, parent psychopathology or substance use, unstable employment or housing); peer influences (peers' substance use, peer social norms); or the school environment (pressure to get good grades).
In contrast to our results, most Western studies of adolescents have found significant genetic influences on depression, anxiety, aggression, and hostility, 50-52 although other studies have found only environmental influences. 53, 54 It is not obvious why this study did not find larger genetic contributions to psychological characteristics. Genetic tendencies toward psychopathology may be expressed only under certain environmental circumstances and would be uncovered in analyses that explicitly test for gene-environment interactions. It is possible that the degree of psychological problems in this sample is not strongly heritable and that genetic variation would be observed at more severe levels of psychopathology or after adjusting for environmental covariates. For example, in bivariate analyses, heritable influences were indeed observed for depression, anxiety, and aggression. Such results suggest heterogeneity in total phenotypic vari-ance where the relative contribution of genetic and environmental factors could differ across levels of psychopathology and associated com orbidity. For example, it is possible that only very high levels of depressive symptoms are explained by genetic factors and that in the present analyses, these genetic factors are obs erved in conjunction with substance use.
The bivariate relationships may appear redundant and general but represent an important first step in understanding causal factors in the covariation between substance use and psychological variables in Chinese adolescents. For example, the overlap in genetic risk between lifetime smoking and depressive symptoms or aggression suggests that Chinese adolescents who are depressed or aggressive may be at increased risk for ever smoking by virtue of shared genetic risk of these psychological constructs with ever smoking. In contrast, overlap in genetic factors for lifetime smoking and anxiety or hostility is lower and perhaps suggests that adolescents who fit these psychological constructs may be at lower genetic risk for ever smoking but once they have initiated smoking, they may be at higher genetic risk for continuing to smoke as evidenced by high genetic correlations between past-month smoking and anxiety or hostility.
Limitations
These results are based on self-reports. The twins may have misreported their substance use, and biochemical validation was not performed. However, because this study focused on low-frequency behaviors that could have occurred months or years before the survey, biochemical validation would not have improved the accuracy of the results. The prevalence of regular (eg, daily, weekly) substance use was too low to include in the analyses; therefore, we were limited to measures of lifetime and past-month use.
When available, survey measures that had been validated in Chinese samples were used. However, validated measures did not exist for all constructs, so some measures were translated from English measures. Although the measures had been translated, backtranslated, and pilot tested with Chinese youth, perhaps they are invalid or their connotations differ across cultural contexts. Research is needed to validate age-appropriate psychological measures in China.
The sample represented a large age range (11-19 years) when significant physical and social changes occur. Expression of genetic and environmental influences on substance use and psychological characteristics may change during this developmental period. Unfortunately, this study lacked statistical power to stratify the analyses by age. Future studies could recruit large samples of twins with smaller age ranges and follow them longitudinally to examine the genetic and environmental contributions to stability and change in their substance use behavior and psychopathology. 55 
Implications
Despite these limitations, this study provides new information about relative contributions of genes and environments to substance use and psychological characteristics among Chinese adolescents. This information could be useful for health education programs for the prevention and treatment of substance use and psychopathology. Because adolescent smoking appears to be heavily influenced by shared environmental factors such as the family environment, it may be useful to inform parents about the importance of restricting their children's access to cigarettes and establishing family rules against children smoking. It is also critically important to establish strong enforcement of the recently implemented regulations against tobacco and alcohol purchases by minors in China. Preventing or delaying excessive tobacco and alcohol use among future generations of Chinese adolescents could lead to widespread improvements in health outcomes. [56] [57] [58] 
